METHOD FOR TRACKING FACIAL FEATURES IN A VIDEO SEQUENCE 



Cross-reference to Related Patent Applications 

This application claims the right of priority under 35 U.S.C. § 119 based on 
Australian Patent Application No. 2002951473, filed September 18, 2003, which is 
incorporated by reference herein in its entirety as if fully set forth herein. 

Field of the Invention 
The present invention relates generally to video processing and, in particular, to 
the tracking of facial features in a video sequence. The term "facial features" refers 
particularly to the eyes and the mouth of a face. 

Background 

Interpretation of a video sequence for human-machine interaction purposes is a 
problem often encountered in the image processing industry. Face tracking is an 
important aspect of the interpretation of video sequences, and can be classified as a high 
level problem. However, merely tracking the face is often not enough in certain types of 
applications. For example, in face recognition applications, the positions of the eyes and 
the mouth are needed to enable a recognition algorithm to operate. Another example of 
where the positions of the eyes and the mouth are needed is an eyes/head control 
interface. In such an interface the movement of the head is used for control of a cursor, 
instead of a mouse for example. Further examples include virtual reality applications and 
video games. 

A number of techniques have been proposed for tracking facial features. The 
most common technique uses skin colour to detect and track a face segment. The eyes 
and the mouth are then detected inside this skin coloured segment. Eye blinking, valley 
detection, and pattern matching using principal component analysis are some of the 
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techniques used to locate the eyes. Most of these techniques rely on a frame by frame 
basis feature detection. Furthermore, skin detection based on the colour of skin is known 
to be highly unreliable under changing lighting conditions. 

Many techniques use luminance block matching in order to track the features. 
5 Such techniques give good results as long as the features are visible throughout the video. 
If one or more feature disappear, it is not possible to detect these features again when they 
reappear in the video. 

Other prior art techniques use deformablc wireframe models and motion 
information to track the whole face and its features. Some of those techniques are able to 
10 track the features even in a side view of the face, but require a large amount of 
computation power. 

Yet another technique is based on the "red eye" effect, often seen in a 
photograph where a flash was used and is caused by the reflection of light from the retina 
of the eye. Because the reflection only occurs when the person more or less faces the 
1 5 camera, this technique has only limited application. 

Summary 

It is an object of the present invention to substantially overcome, or at least 
ameliorate, one or more disadvantages of existing arrangements. 

According to a first aspect of the invention, there is provided a method of 
20 tracking facial features in a video sequence, said method comprising the steps of: 

(a) receiving facial features for tracking in a first frame of said video sequence; 

(b) spatiotemporally segmenting said video sequence to provide a sequence of 
associated two-dimensional segments, a first segment in said sequence of associated two- 
dimensional segments including said facial features for tracking; 
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(c) identifying candidate facial features in at least a second two-dimensional 
segment in said sequence of associated segments; and 

(d) verifying which of said candidate facial features correspond with said facial 
features for tracking. 

5 According to another aspect of the invention, there is provided a method of 

tracking facial features in a sequence of associated two-dimensional segments, a first 
segment in said sequence of associated two-dimensional segments including facial 
features for tracking, said method comprising the steps of: 

(a) identifying candidate facial features in at least a second two-dimensional 
10 segment in said sequence of associated segments; 

(b) verifying which of said candidate facial features correspond with said facial 
features for tracking; and 

(c) recovering lost facial features by using known geometric relations between 
facial features. 

15 According to another aspect of the invention, there is provided an apparatus for 

implementing any one of the aforementioned methods. 

According to another aspect of the invention there is provided a computer 
program product including a computer readable medium having recorded thereon a 
computer program for implementing any one of the methods described above. 

20 Other aspects of the invention are also disclosed. 

Brief Description of the Drawings 

One or more embodiments of the present invention will now be described with 
reference to the drawings, in which: 

Fig. 1 shows a flow diagram of a method of tracking facia) features in a video 
25 sequence; 
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Fig. 2 shows a programmable device for performing the operations of the method 
shown in Fig. 1 ; 

Fig. 3 shows the sub-steps of the 3D segmentation step in the method shown in 

Fig- 1; 

5 Fig. 4 shows the sub-steps of forming a sub-image, which is performed in the 

method shown in Fig. 1; 

Fig. 5 shows the sub-steps of identifying candidate facial features, which is also 
performed in the method shown in Fig. 1; 

Figs. 6A to 6G show flow diagrams of the sub-steps of assigning possible 
10 candidate facial features to facial features; and 

Fig. 7 shows a schematic of a face displayed in a frame, the coordinate system 
used, an the respective image coordinates of the left eye, right eye and mouth. 

Detailed Description including Best Mode 

Where reference is made in any one or more of the accompanying drawings to 
15 steps and/or features, which have the same reference numerals, those steps and/or features 

have for the purposes of this description the same function(s) or operation(s), unless the 

contrary intention appears. 

Some portions of the description that follows are explicitly or implicitly 

presented in terms of algorithms and symbolic representations of operations on data 
20 within a computer memory. These algorithmic descriptions and representations are the 

means used by those skilled in the data processing arts to most effectively convey the 

substance of their work to others skilled in the art. An algorithm is here, and generally, 

conceived to be a self-consistent sequence of steps leading to a desired result. The steps 

are those requiring physical manipulations of physical quantities. 
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Fig. 1 shows a flow diagram of a method 100 of tracking facial features in a 
video sequence, the facial features being the eyes and the mouth of a human face. For 
ease of explanation, the steps of method 100 are described with reference to the tracking 
of the facial features of a single face. However, it is not intended that the present 
5 invention be limited 10 tracking the facial features of only one face, as the described 
method may be used on any number of faces. Fig. 2 shows a programmable device 200 
for performing the operations of the method 100 described in detail below. Such a 
programmable device 200 may be specially constructed for the required purposes, or may 
comprise a general-purpose computer or other device selectively activated or 

10 reconfigured by a computer program stored in the computer or device. The algorithms 
presented herein are not inherently related to any particular computer or other apparatus. 

The programmable device 200 comprises a computer module 201, input devices 
such as a camera 250, a keyboard 202 and mouse 203, output devices including a display 
device 214. The computer module 201 typically includes at least one processor unit 205, 

15 a memory unit 206, for example formed from semiconductor random access memory 
(RAM) and read only memory (ROM), input/output (I/O) interfaces including a video 
interface 207, and an I/O interface 213 for the keyboard 202 and mouse 203, and an 
interface 208 for the camera 250 through connection 248. A storage device 209 is 
provided and typically includes a hard disk drive 2 1 0 and a floppy disk drive 211. A CD- 

20 ROM drive 212 is typically provided as a non-volatile source of data. The 
components 205 to 213 of the computer module 201, typically communicate via an 
interconnected bus 204 and in a manner which results in a conventional mode of 
operation of the programmable device 200 known to those in the relevant art. 

The method may be implemented as software, such as an application program 

25 executing within the programmable device 200. The application program may be stored 
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on a computer readable medium, including the storage devices 209. The application 
program is read into the computer 200 from the computer readable medium, and then 
executed by the processor 205. Intermediate storage of the program and any data fetched 
from the camera 250 may be accomplished using the semiconductor memory 206, 
possibly in concert with the hard disk drive 210. 

Referring again to Fig. I, the steps of meihod 100 are effected by instructions in 
the application program that are executed by the processor 205 of the programmable 
device 200 (Fig. 2). 

The method 100 starts in step 105 where the computer module 201 receives as 
input pixel data ofN frames of a video sequence and forms a "block" of pixel data. The 
pixel data of the video sequence includes at each frame interval «, a two dimensional 
array of colour values 0(x,y,n) t typically from an image sensor, such as that in camera 250 
(Fig. 2). The colour values <p(x. y.n) may be received directly from camera 250 and stored 
on the storage device 209 (Fig. 2). 

Next, in step 1 10, the processor 205 receives as input image coordinates (xk,yk)\ 
in a first frame of the video sequence, with image coordinates (^cio^i)i. (^2^2)1 and fo^i 
corresponding with the positions of the left eye, right eye and mouth respectively that 
have to be tracked. Fig. 7 shows a schematic of a face 700 displayed in a frame, the 
coordinate system used, an the respective image coordinates (x*,y*)i of the left eye, right 
eye and mouth. In one implementation a user provides the image coordinates (xk,y k )\ to 
the processor 205 by using the mouse 203 for pointing and clicking on the eyes and 
mouth respectively in the first frame that is displayed on the display device 214 (Fig. 2). 
In an alternative implementation, the image coordinates (x*,v*)i are provided to method 
100 by an automatic face feature detection algorithm - 
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Step 120 follows wherein the processor 205 performs spatiotemporal (3D) 
segmentation of the colour values #x,y,n) in the block of pixel data to produce as output a 
set of three-dimensional segments {£} having homogeneous colour. Any 3D- 
segmentation algorithm may be used in step 120. In the preferred implementation, the 
5 Mumford-Shah 3D-segmentation algorithm is used, which operates on the colour values 
tfx.y.n) of the block of pixel data to relate every pixel in the block to one segment Si. The 
3D segmentation step 120 operates to segment the colour values j(x,y,n) to the extent that 
the colour values (p(x,y,n) of the face containing the faciaj features to be tracked form one 
of the contiguous 3D segments S t . The coordinates (x k ,y k ), of the facial features being 
io tracked in frame / have to be in that one of the contiguous 3D segments S,. Accordingly, 
the search area in which the coordinates (x k y k ), of the facial features may occur is greatly 
reduced by the 3D segmentation. 

During segmentation, an assumption is made that each colour value <P(x,y.n) is 
associated with a particular state. The model used to define the states is decided upon in 
15 advance. Each state is defined by an unknown segment model parameter vector a,, of 
length c, with each state being assumed to be valid over the contiguous 3D segment S h 
The aim of segmentation is to identify the 3D segments Si and the model parameters a, 
for each segment S,. 

A model vector of measurements y(x,y,n) over each segment 5, is assumed to be 
20 a linear projection of the c-vector model parameter a j for that segment 5/: 

tix.y,n)= 9ix.y f n)a iy (x,y,n) e Si 0) 
where &(x,y,n) is an m by c matrix, which relates the state of segment Si to the 
model measurements y(x,y,n), thereby encapsulating the nature of the predefined model. 
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In the colour video segmentation case, c=m and matrix 9(x,y,n) is the e by c identity 
matrix for all (xy,n). 

Bach vector of actual colour values $(x,y,n) is subject to a random error e(x,y,n) 

such that 

5 = T^.y.n) + e(x,y, n). (2) 

Further, the error e(x,y,n) may be assumed to be drawn from a zero-mean normal 
(Gaussian) distribution with covariance A(x,y,n): 

e(x.y, n )~N(Q,A(x,y.n)) (3) 
wherein A(x,y,n) is a c by c covariance matrix. Each component of the error 
10 e(x,y,n) is assumed to be independently and identically distributed, i.e.: 

Hx,y,n) = a\x,y,n)I c (4) 
where I c is the c by c identity matrix. 

Variational segmentation requires that a cost function E be assigned to each 
possible segmentation. A partition into segments S t may be compactly described by a 
1 5 binary function J(d) on the boundary elements, in which the value "1" is assigned to each 
boundary element d bordering a segment S t . This function J(d) is referred to as a 
boundary map. 

The cost function E used in the preferred implementation is one in which a 
model fitting error is balanced with an overall complexity of the model. The sum of the 
20 statistical residuals of each segment S, is used as the model fitting error. Combining 
Equations (1), (2), (3) and (4), the residual over segment S,- as a function of the model 
parameters <*, is given by: 

E i ( ai ) = {x ^[^x,y,nya i ) T ^(x,y,nha i ] (5) 
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The model complexity is simply the number of segment-bounding elements d. 
Hence the overall cost functional E may be defined as 

E(r,J,A)=I,E.(a.)+Al l J(d) , (6) 

where the (non-negative) parameter X controls the relative importance of the 
model fitting error and the model complexity. The contribution of the model fitting error 
to the cost functional E encourages a proliferation of segments, while the model 
complexity encourages few segments. The functional E must therefore balance the two 
components to achieve a reasonable result. The aim of variational segmentation is to find 
a minimising model measurement f and a minimising boundary map J(d) of the overall 
cost functional E, for a given value of parameter X. 

Note that if the segment boundaries d are given as a valid boundary map J(d), the 
minimising model parameters a j over each segment Si may be found by minimising the 
segment residuals E,. This may be evaluated using a simple weighted linear least squares 
calculation. Given this fact, any valid boundary mspJ(d) will fully and uniquely describe 
a segmentation. Therefore, the cost function E may be regarded as a function over the 
space of valid edge maps (/-space), whose minimisation yields an optimal segment 
partition J \i for a given parameter X. The corresponding minimising model parameters 
a, may then be assumed to be those which minimise the residuals E t over each segment 

Si. The corresponding minimum residuals for segment S,- will hereafter be written as E; . 

If parameter X is low, many boundaries are allowed, giving "fine" segmentation. 
As parameter X increases, the segmentation gets coarser. At one extreme, the optimal 
segment partition Jo , where the model complexity is completely discounted, is the trivial 
segmentation, in which every pixel constitutes its own segment 5,-, and which gives zero 
model fitting error e. On the other hand, the optimal segment partition J» , where the 
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model fitting error e is completely discounted, is the null or empty segmentation in which 
ihe entire block is represented by a single segment S { . Somewhere between these two 
extremes lies the segmentation Jx which will appear ideal in that the segments 5/ 
correspond to a semantically meaningful partition. 

To find an approximate solution to the variational segmentation problem, a 
segment merging strategy is employed, wherein properties of neighbouring segments S, 
and Sj are used to determine whether. those segments come from the same model state, 
thus allowing the segments S { and Sj to be merged into a single segment Sy. The segment 
residual E t j also increases after any 2 neighbouring segments Si and Sj are merged. 

Knowing that the trivial segmentation is the optimal segment partition A for the 
smallest possible parameter X value of 0, in segment merging, each pixel in the block is 
initially labelled as its own unique segment Sj, with model parameters a, set to the colour 
values <j>(x,y,n). Adjacent segments 5/ and Sj are then compared using some similarity 
criterion and merged if they are sufficiently similar. In this way, small segments take 
shape, and are gradually built into larger ones. 

The partitions Jx before and after the merger differ only in the two segments Si 
and Sj. Accordingly, in determining the effect on the total cost functional E after such a 
merger, a computation may be confined to those segments Si and Sj. By examining 
Equations (5) and (6), a merging cost for the adjacent segment pair {Si,Sj} may be written 



= /<*,) (7) 
where l(by) is the area of the common boundary between 3D segments Si and S^ 
If the merging cost x;j is less than parameter X, the merge is allowed. 
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A key to efficient segment growing is to compute the numerator of the merging 
cost Ti) as fast as possible. Firstly, Equation (5) is rewritten as: 

Ej{aj) = (Fj-HjafiFj- Hjaj) (8) 

where: 

• Hj is an (vjc) by c matrix composed of the c by c identity matrices stacked on 
lop of one anoiher as (x,y,n) varies over segment Sj, with Vj the number of pixels in 
segment Sy, and 

- Fj is a column vector of length (vjc) composed of the individual colour value 
<p(x,y,n) vectors stacked on top of one another. 

By weighted least square theory, the minimising model parameter vector aj for 
the segment Sj is given by the mean of the colour value ftx.y.n) over segment Sj. The 
corresponding residual is given by 

E l ={F r H i a i y(F,-H i a J ) (9) 
When merging two segments S t and Sj, the "merged" matrix Hy is obtained by 
concatenating matrix //, with matrix Hf, likewise for matrix F i} . These facts may be used 
to show that the best fitting model parameter vector a v for the merged segment Sy is given 
by: 

- i j_^ LIj ^y (10) 

The merged residual is given by: 

E;j =£, + Ej + (a, - a, (a.- - a / ) J'^ v ( l 1 ) 

The merging cost Ty in Equation (7) may be computed as: 
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<>= ,(s s ) ' (12) 

from ihe model parameters of the segments 5/ and Sj to be merged. If the merge 
is allowed, Equations (10) give the model parameter a u of the merged segment S v . 

Note that under this strategy, only Equations (10) and (12) need to be applied 
5 throughout the merging process. Only the model parameters a. for each segment S, are 
therefore required as segmentation proceeds. Further, neither the original colour values 
4>(x,y,n) nor the model structure itself (i.e. the matrices Sfx.y.nJ) arc required. 

Usually, when the merging cost exceeds a predetermined threshold X stop the 
segmentation slops. However, it is possible that the face containing the facial features to 
10 be tracked is still segmented in more than one segment St. This is typically caused by 
challenging lighting conditions, or shadows. To resolve this problem, the segment 
merging continues at least until the three facial features to be tracked form part of the 
same segment Si. The first time step 120 is performed, the three facial features to be 
tracked are those identified in step 1 10 and occur in frame 1 . In subsequent iterations, the 
15 three facial features are those verified as being the facial features in frame /, being the 
oldest frame in the block of pixel data. 

Fig. 3 shows the sub-steps of the 3D segmentation step 120. The segmentation 
step 120 starts in sub-step 304 where the processor 205 sets the model parameters 
a .(x,y,n) to the colour values ftx.y.n) of each pixel in the block of N frames. Hence, the 
20 segmentation starts with the trivial segmentation where each pixel forms its own segment 
Si. The processor 205 then determines in sub-step 306 all adjacent segment pairs S, and 
S,-, and computes the merging cost t v according to Equation (12) for each of the 
boundaries between adjacent segment pairs Si and 5;. The boundaries with merging cost 
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n, are then inserted by the processor 205 in sub-step 308 into a priority queue P in priority 
order. The priority queue P is typically stored on the storing device 209 or memory 206. 

The processor 205 retrieves the first entry from the priority queue P(l) and 
merges the corresponding segment pair Si and Sj (i.e. the segment pair Si and Sj with the 
5 lowest merging cost z#) to form a new segment Sy in sub-step 3 1 0. 

In sub-step 314 the processor 205 identifies all segments Si adjoining either of 
the merged segments S; and Sj and merges any duplicate boundaries, adding their areas. 
Sub-step 318 follows where the processor 205 calculates a new merging cost ry.i for each 
boundary between adjacent segments Sy and S/. The new merging costs Ty.i effectively 
10 reorder the priority queue P. 

In sub-step 322 the processor 205 determines whether the merging cost at the 
top of the priority queue P (entry P(l)) has a value greater than the predetermined 
threshold X. swp . Tf the merging cost tij of entry P(l) has a value greater than the 
predetermined threshold X st0 p, then the processor 205 determines in sub-step 325 whether 
1 5 the known image coordinates (x* j/*)„ that corresponds with the positions of the facial 
features that have to be tracked, are included in a single segment S,-. If all three positions 
of the facial features are in the same segment Si, then the segmentation step 120 ends 

If the conditions of either of sub-step 322 or sub-step 325 are not met, then 
segment merging must continue, and control is returned to sub-step 310 from where sub- 
20 steps 3 1 0 to 325 are repeated to merge the segment pair S( and Sj with the lowest merging 

COSt Tij. 

Referring again to Fig. 1, with the set of 3D segments {£,} formed in step 120, 
and with the image coordinates Oc*,y*)< known for the oldest frame t in the block of video 
data, step 130 follows where the processor 205 fornis a sub-image, thereby restricting the 
25 search area for identifying candidate facial features. Fig. 4 shows step 130 in more detail. 
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Step 130 starts in sub-step 410 where the processor 205 "slices through" the 3D 
segments S,- at frame interval r+1, to produce 2D segments s 1 ,^. Each 2D segment s' M 
incorporates the pixels at frame interval i+l that are included in the corresponding 3D 
segment S„ 

5 In sub-step 41 1 the processor 205 identifies the 2D segment j/., containing the 

facial features, that being the 2D segment being associated with the same 3D segment 
S, as the 2D segment s', in the previous frame containing the known coordinates (x Al y*) t of 
the facial features being tracked. The first time step 130 is performed, the known 
coordinates (XkO>k)t will correspond with those received in step 110. In subsequent 
10 iterations, the three facial features are those verified as being the facial features in frame t. 

Sub-step 412 follows where the processor 205 determines whether the area of the 
2D segment j'., is equal to or above a minimum area m A . In the preferred 
implementation the minimum area m A is 1500 pixels. If the area of segment j,' rl is 
smaller than the minimum area m A , then features are too small to be tracked and method 
15 1 00 ends in step 490. 

If the area of the 2D segment s' l+] is equal to or above a minimum area m A , then 
step 130 continues in sub-step 415 where the processor 205 creates a boundary box sub- 
image b(+\(x,y) from the colour values fayj+l) at frame interval z+1 . The boundary box 
sub-image bn-\(x x v) is a rectangular shaped image formed around the segment s' l+} . 
20 The boundary box sub-image b,+i(xy) is re-scaled in sub-step 420 such that the 

area of the segment s' lH in the re-scaled boundary box sub-image b' tiA (x, y) is equal to the 
predefined minimum area m A . 

Problems typically associated with displacement in the axis of the camera 250 
are overcome by resizing the boundary box sub-image bt+\(x,y) to a fixed size. 
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Furthermore, the resizing also cause the candidate facial features, which are identified in 
step 140 that follows, to be of similar size inside the re-scaled boundary box sub-image 
b' lri ( x >y) as those identified in the previous frame, thereby aiding the correspondence 
between frames. 

5 Sub-step 425 follows where the processor 205 crops the re-scaled boundary box 

sub- image b' l+i ( x >y) to form sub-image b" +l {x, y). At this point the previous feature 
coordinates {x k y k ) t are scaled to the size of the sub-image b" +l {x,y), so that one unit 
equals one pixel in sub-image b' +l ( x > y). With image coordinates fayi), corresponding 
with the position of the right eye then, if the right boundary of the sub-image b' lr] ( x > y) is 

10 greater than a distance Au from x 2t , the right bound of sub-image (x, y) is set to (x 2l + 
Au), else the right bound of sub-image b" M {x, y) remains that of sub-image b' M (x, y) . 

Similarly, with image coordinates (x\y\), corresponding with the position of the 
left eye then, if the left boundary of the sub-image 6,' +1 (*,y) is greater than the distance 
Ao from the left bound of sub-image b° +l (x,y) is set to (x u - Au), else the left bound 

15 of sub-image 6* , (x, y) remains that of sub-image (x, y) 

If the upper boundary of the sub-image b' l+x (x, v) is greater than the distance Au 
from the upper one of y u and y 2l , then the upper bound of sub-image b" +l (x,y) is set to 
(max(y w ) + Au), else the upper bound of sub-image b' +l {x,y) remains that of sub- 
image b' M ( x > y)- 

20 Finally, with image coordinates (xyjj), corresponding with the position of the 

mouth, if the lower boundary of the sub-image b' r ^(x, y) is greater than the distance Au 
from >'.v, then the lower bound of sub-image bl,( x >y) is set to (w< " Au )' else the lower 
bound of sub-image b'^x, y) remains that of sub-image b' l+l { x ,y)- 
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In the preferred implementation the distance Au is 5. After cropping, the sub- 
image b" M (jc, y) is also stored in memory 206. Sub-image b" +l ( x >y) now defines the 
search area for identifying candidate facial features in step 140 that follows step 130. At 
this point, the (scaled) previous feature coordinates (x k j>k)t are referred to a new origin, 
5 namely the centroid of the current face segment s'^ . All subsequent coordinates are with 
respect to this origin, unless otherwise stated. Accordingly, method 100 (Fig. 1) 
continues to step 140 where the processor 205 identifies candidate facial features, and 
extracts information from each of the candidate facial features in sub-image b" +l (x,y). 

Fig. 5 shows a flow diagram of the sub-steps of step 140. A first part of step 140 
10 extracts a facial feature map b" +l (x,y) from the sub-image b'^{x,y). The facial feature 
map 6",(jc, v) is a binary image, with the value of its pixels set to "1" when those pixels 
are found to be part of a candidate facial feature and set to "0" otherwise. A second part 
of step 140 then extracts information from each of the candidate facial features, that 
informarion including the positions of the candidate facial features inside the facial 
15 feature map {x 7 y) , and shape characteristics of the candidate facial features. 

The extraction of a facial feature map b" +l {x,y) from the sub-image b" +l (x, y) is 
based on two characteristics of facial features. A first is that such features give small 
edges after edge detection, and a second is that they are darker than the rest of the face. 
Using these characteristics, two initial facial feature maps fiixy) and^xj/) are formed 
20 from the sub-image b" u] (x,y), from which the facial feature map b".^{x 7 y) is then 
formed. 

SLep 140 smrts in sub-step 505 where ihe processor 205 forms a first initial facial 
feature mz.pf,(x^>) by applying an edge detection algorithm to the sub-image 6,",(x,y). 
Any edge detection technique may be used, but in the preferred implementation the 
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Laplacian edge detection technique is used A mask r is first applied to sub-image 
K+i( x >y) to f orm a gradient map, followed by applying a threshold to the gradient map. 
In the preferred implementation the mask /~is: 



0.0276655 
-0.224751 
1.65895 

-2.92373 (13) 
1.65895 
-0.224751 
0.0276655 



5 and the threshold is set such that 15% of pixels in the initial first facial feature 

map/i(;r,y) arc set to "1", those pixels corresponding to the pixels in the gradient map 
having the highest gradient. 

The second initial facial feature map fi(xy) is formed by applying a threshold in 
sub-step 510 to sub-image b" +i (x,y), giving a value of "1" to pixels with intensity values 
10 lower than a predetermined value and a value of "0" to pixels with intensity values above 
the predetermined value. Again, the threshold is set such that 15% of pixels in the second 
initial facial feature m&p f 2 (x,y) are set to "1". 

The facial feature map b^(x,y) is then formed by the processor 205 in sub-step 
5 1 5 by taking the result of applying an "AND" function on the two initial facial feature 
15 maps/K*^) and fi(xy). Hence, if corresponding pixels in the two initial facial feature 
maps/iCxj/) and f 2 (xy) both have the value "1", then that pixel has the value "1" in the 
facial feature map b^(x,y). 

The processor 205 next, in sub-step 520, identifies candidate facial features and 
then extracts the position and characteristics of each identified candidate facial feature. A 
20 candidate facial feature is identified as a cluster of pixels in the facial feature map 
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bZ,i x *y) having values of "1". If the shape of the 2D segment sj„, identified as 
containing the face does not change drastically, the position (x„ yi)' of each facial feature 
should be independent of the position of the face in the frame. The characteristics of the 
candidate facial feature include its area A'i, which is the number of pixels in the cluster, 
and the eccentricity of the candidate facial feature, which is the ratio of the width 
against the height of the candidate facial feature. 

Referring again to Fig. 1, with candidate facial features identified and 
information extracted, the processor 205 identifies in step 150 which of the candidate 
facial features possibly correspond with the facial features for tracking identified in step 
1 10, and in particular, the facial features verified in a previous frame as corresponding 
with the facial features for tracking identified in step 110. In order to identify whether the 
j'-th candidate facial feature possibly corresponds with the facial features for tracking, the 
processor 205 calculates the Euclidean distance d { j between the i-th candidate facial 
feature in frame z+1, and the y'-th facial feature in frame t as follows: 



If the Euclidean distance d (J between the z'-th candidate facial feature in frame 
r+1, and the j-th facial feature in frame t is below a threshold, then a characteristic 
similarity measure is calculated using the respective areas A and Aj, and eccentricities eft 
and £/. 



If the characteristic similarity measure D {J is also below a threshold, then the i-th 
candidate facial feature has a possible correspondence with the y-th facial feature, and an 
entry i is added to a list Lj. After processing all of the candidate facial features in this 




(14) 




(15) 
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manner, the list Lj contains the identifier of each of the candidate facial features that may 
possibly correspond to the >th facial feature in the previous frame. 

An empty list Lj means that no candidate facial feature corresponding to the >th 
facial feature in the previous frame has been identified. Two events may cause list Lj to 
5 be empty. Firstly, it may be that the y'-th facial feature was not detected in the previous 
frame. In this event the Euclidean distance dy would be higher than the threshold, and an 
attempt is made in step 155 that follows to recover such a facial feature in case it 
reappeared. The second event that may cause list Lj to be empty is when the y-th facial 
feature was detected in the previous frame, but then disappeared in the current frame. 
10 Method 100 (Fig. 1) now proceeds to step 155 where the processor assigns one 

of the possible candidate facial features to the >th facial feature, and attempts to recover 
facial features where appropriate. Let the lists L\, Li and L3 relate to the left eye, right eye 
and mouth respectively. A total of 8 possible scenarios may arise, which are: 

1: Lists L\, Lj and L 3 are empty, which means that no corresponding candidate 
15 facial features were identified; 

2: Lists L 2 and Lj are empty, which means that the left eye has a corresponding 
candidate facial feature; 

3: Lists L\ and L 3 are empty, which means that the right eye has a corresponding 
candidate facial feature; 

20 4: Lists L\ and L2 are empty, which means that the mouth has a corresponding 

candidate facial feature; 

5: List L 2 is empty, which means that the left eye and the mouth have 
corresponding candidate facial features; 

6: List L\ is empty, which means that the right eye and the mouth have 
25 corresponding candidate facial features; 
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7: List Z-3 is empty, which means the eyes have corresponding candidate facial 
features; and 

8: Lists L\, Li and Z.3 have entries, which means that both eyes and the mouth 
have corresponding candidate facial features. 
5 In the case when scenario 1 exists, no corresponding facia] features were 

identified and the nieihod 100 terminates as the features being tracked have been lost. 

In the case when scenario 2 exists, the left eye has at least one corresponding 
candidate facial feature. Fig. 6 A shows a flow diagram of the sub-steps of step 155 in the 
case when scenario 2 exists. Step 155 starts in sub-step 605 where the possible candidate 
10 facial feature in list Lj with the smallest characteristic similarity measure Da is assigned 
as corresponding to the left eye. In sub-step 607 the processor 205 then saves the position 
(x„ v,)' of the left eye as coordinates y\),+i, together with its area A',- as area A\ and its 
eccentricity s?t as eccentricity e } . 

The processor 205 then determines in sub-step 610 whether the coordinates 
15 (xzj>i), of ihe right eye were known in the previous frame. If the coordinates (x 2 ^2)i of the 
right eye were not known, then the right eye was not detected in the previous frame, but 
may have reappeared in the current frame. Accordingly, sub-step 615 attempts to recover 
the right eye by determining whether any candidate facial features have coordinates 
(x„ yiy satisfying the following conditions, starting with the candidate facial feature with 
20 the lowest characteristic similarity measure A>: 

-^U'-JVoJo AND5<(*;-x l(M) )<U (16) 
The processor 205 then determines in sub-step 620 whether a facial feature 
corresponding to the right eye was found in sub-step 615. Tf a facial feature 
corresponding 10 the right eye was found then, in sub-step 622 the processor 205 saves 
25 the position (x,-, yi)' of the candidate facial feature corresponding to the right eye as 



648068US.doc 



■' - 21 - 

coordinates (x 2 , y 2 )+\, together with its area A'i as area A 2 and its eccentricity sf t as 
eccentricity ej. 

The processor 205 determines in sub-step 625 whether the coordinates (x 3 yi), of 
the mouth were known in the previous frame. If the coordinates (x 3t y 3 )< of the mouth 
were not known, then the mouth was not detected in the previous frame, but may have 
reappeared in the current frame. Accordingly, sub-step 630 attempts to recover the mouth 
by creating a triangle defined by the coordinates of the two eyes OcijViVi and (x 2 ^Vi, 
and any of the candidate features yi)', starting with the candidate facial feature with 
the lowest characteristic similarity measure Ay- 
Let a t and a 2 be the angles in radians of the triangle at the left eye and the right 
eye respectively. Also, let S be the distance from the centre of the eye-eye line to the 
candidate facial feature under consideration. If the following conditions are met: 

(0.9<a,<1.45) AND (0.9<a 2 <l .45) AND (10<S<\5) (17) 
then the candidate facial feature under consideration corresponds with the mouth. 
If it is determined in sub-step 610 that the coordinates (x 2> V2)/ of the right eye 
were known in the previous frame, or if it is determined in sub-step 620 that a facial 
feature corresponding to the right eye was not found, then the right eye disappeared in the 
current frame. Step 155 proceeds to sub-step 640 where the processor 205 sets the 
coordinates {x 2 y 2 )^ to "unknown". The processor 205 then determines in sub-step 645 
whether the coordinates (x^y), of the mouth were known in the previous frame. If the 
coordinates (x^i), of the mouth were not known, then the mouth was not detected in the 
previous frame, but may have reappeared in the current frame. Accordingly, sub-step 650 
attempts to recover the mouth by determining whether any candidate facial features have 
coordinates (*,-, y,)' satisfying the following conditions, starting again with the candidate 
facial feature with the lowest characteristic similarity measure Dy: 
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Following sub-step 630 or 650, the processor 205 then determines in sub-step 
635 whether a facial feature corresponding to the mouth was found in sub-step 630 or 
650. If a facial feature corresponding to the mouth was found then, in sub-step 637 the 
5 processor 205 saves the position (x h y t )' of the candidate facial feature corresponding to 
the mouth as coordinates (xj,.vj)h-i, together with its area A'i as area .4 j and its eccentricity 
as eccentricity e 3 . Step 155 also ends. 

If ii is determined in either of sub-step 625 or 645 that the coordinates (x^), of 
the mouth were known in the previous frame, then the mouth disappeared in the current 
10 frame and the processor 205 sets the coordinates (xj»)>3)«+i to "unknown" in sub-step 655 
before step 155 ends. 

Jn the case when scenario 3 exists, the right eye has at least one corresponding 
candidate facial feature. Fig. 6B shows a flow diagram of the sub-steps of step 155 in the 
case when scenario 2 exists. Step 155 starts in sub-step 705 where the possible candidate 
15 facial feature in list Li with the smallest characteristic similarity measure D a is assigned 
as corresponding to the right eye. In sub-step 707 the processor 205 then saves the 
position (x„ yi)' of the right eye as coordinates fa, yi)i-n, together with its area A'j as area 
A2 and its eccentricity d, as eccentricity £ 2 . 

The processor 205 then determines in sub-step 710 whether the coordinates 
20 (xuy\)i of the left eye were known in the previous frame. If the coordinates (x l!( yi), of the 
left eye were not known, then the left eye was not detected in the previous frame, but may 
have reappeared in the current frame. Accordingly, sub-step 715 attempts to recover the 
left eye by determining whether any candidate facial features have coordinates (x„.y,)' 
satisfying the following conditions, starting with the candidate facial feature with the 
25 lowest characteristic similarity measure Dif. 
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The processor 205 then determines in sub-step 720 whether a facial feature 
corresponding to the left eye was found in sub-step 715. If a facial feature corresponding 
lo the left eye was found then, in sub-step 722 the processor 205 saves the position (*,, y,)' 
5 of the candidate facial feature corresponding to the left eye as coordinates (xi, vt)<+i, 
together with its area A',- as area ,4 1 and its eccentricity f', as eccentricity s\. 

The processor 205 determines in sub-step 725 whether the coordinates (xsj^)* of 
the mouth were known in the previous frame. If the coordinates (xy^yy), of the mouth 
were not known, then the mouth was not detected in the previous frame, but may have 
10 reappeared in the current frame. Accordingly, sub-step 730 attempts to recover the mouth 
by creating a triangle defined by the coordinates of the two eyes (*i, i yi)<+t and (^2^2)^1, 
and any of the candidate features (x„ y,)', starting with the candidate facial feature with 
the lowest characteristic similarity measure Ay- If the conditions of Equation (17) are 
met, then the candidate facial feature under consideration corresponds with the mouth. 
15 If it is determined in sub-step 710 that the coordinates (x\^\), of the left eye were 

known in the previous frame, or if it is determined in sub-step 720 that a facial feature 
corresponding to the left eye was not found, then the left eye disappeared in the curreni 
frame. Step 155 proceeds to sub-step 740 where the processor 205 sets the coordinates 
(x\j\),+\ to "unknown". The processor 205 then determines in sub-step 745 whether the 
20 coordinates (x^), of the mouth were known in the previous frame. If the coordinates 
C*3,yj)/ of the mouth were not known, then the mouth was not detected in the previous 
frame, but may have reappeared in the current frame. Accordingly, sub-step 750 attempts 
to recover the mouth by determining whether any candidate facial features have 
coordinates (X(,yi)' satisfying the following conditions, starting again with the candidate 
25 facial feature with the lowest characteristic similarity measure D t /. 
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2<k (/+I) -*;)<7 AND 7<(y 2(M) -y;)<\4 (20) 
Following sub-step 730 or 750, the processor 205 then determines in sub-step 
735 whether a facial feature corresponding to the mouth was found in sub-step 730 or 
750. If a facial feature corresponding to the mouth was found then, in sub-step 737 the 
5 processor 205 saves the position (x i} y,)' of the candidate facial feature corresponding to 
the mouth as coordinates C*3,.)>j)f+i, together with its area A',- as area/* 3 and its eccentricity 
as eccentricity £3. Step 155 also ends. 

If it is determined in either of sub-step 725 or 745 that the coordinates (^3^3)/ of 
the moutli were known in the previous frame, then the mouth disappeared in the current 
10 frame and the processor 205 sets the coordinates (xui^+t to "unknown" in sub-step 755 
before step 155 ends. 

In the case when scenario 4 exists, the mouth has at least one corresponding 
candidate facial feature. Fig. 6C shows a flow diagram of the sub-steps of step 155 in the 
case when scenario 4 exists. Step 155 starts in sub-step 805 where the possible candidate 
15 facial feature in list Z-3 with the smallest characteristic similarity measure Da is assigned 
as corresponding to the mouth. In sub-step 807 the processor 205 then saves the position 
(x,, y,)' of the mouth as coordinates (jcj, yj)t+u together with its area A' t as area A 3 and its 
eccentricity £*/ as eccentricity sy. 

The processor 205 then determines in sub-step 810 whether the coordinates 
20 (xjji), of the left eye were known in the previous frame. If the coordinates (x\ of the 
left eye were not known, then the left eye was not detected in the previous frame, but may 
have reappeared in the current frame. Accordingly, sub-step 815 attempts to recover the 
left eye by determining whether any candidate facial features have coordinates (*/, v,)' 
satisfying the following conditions, starting with the candidate facial feature with the 
25 lowest characteristic similarity measure Dy\ 
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7<(y ( - -^,)<14 AND -7<(*; -x H „J<-2 (21) 
The processor 205 then determines in sub-step 820 whether a facial feature 
corresponding to the left eye was found in sub-step 815. If a facial feature corresponding 
to the left eye was found then, in sub-step 822 the processor 205 saves the position (x t , >v)' 
5 of the candidate facial feature corresponding to the left eye as coordinates (xi, .yi Al- 
together with its areay4\ as area^i and its eccentricity di as eccentricity 6\. 

The processor 205 determines in sub-step 825 whether the coordinates (x 2 ^2)* of 
the right eye were known in the previous frame. If the coordinates fe^), of the right eye 
were not known, then the right eye was not detected in the previous frame, but may have 
10 reappeared in the current frame. Accordingly, sub-step 830 attempts to recover the right 
eye by creating a triangle defined by the coordinates of the left eye (x\y\) n \, the mouth 
(■Xi,yj),n, and any of the candidate features (x t , yj)', starting with the candidate facial 
feature with the lowest characteristic similarity measure Ay. If the conditions of Equation 
(17) are met, then the candidate facial feature under consideration corresponds with the 
15 right eye. 

If it is determined in sub-step 810 that the coordinates (xi^yi), of the left eye were 
known in the previous frame, or if it is determined in sub-step 820 that a facial feature 
corresponding to the left eye was not found, then the left eye disappeared in the current 
frame. Step 155 proceeds to sub-step 840 where the processor 205 sets the coordinates 
20 C*i,yiVi to "unknown". The processor 205 then determines in sub-step 845 whether the 
coordinates (x 2r y2>/ of the right eye were known in the previous frame. If the coordinates 
(X2»y2)/ of the right eye were not known, then the right eye was not detected in me 
previous frame, but may have reappeared in the current frame. Accordingly, sub-step 850 
attempts to recover the right eye by determining whether any candidate facial features 
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have coordinates (Xf.y,)' satisfying the following conditions, starting with the candidate 
facial feature with the lowest characteristic similarity measure D tJ : 

2<(*«M) -*i')<7 AND 7<(y; -y M , +n )<l4 (22) 
Following sub-step 830 or 850, the processor 205 then determines in sub-step 
835 whether a facial feature corresponding to the right eye was found in sub-step 830 or 
850. If a facial feature corresponding to the right eye was found then, in sub-step 837 the 
processor 205 saves the position (x„ y t Y of the candidate facial feature corresponding to 
the right as coordinates (x 2 , y2)n\, together with its area A' y as area A 2 and its eccentricity 
€i as eccentricity Bz. Step 155 also ends. 

If it is determined in either of sub-step 825 or 845 that the coordinates fayi), of 
the right eye were known in the previous frame, then the right eye disappeared in the 
current frame and the processor 205 sets the coordinates fawdt+i to "unknown" in sub- 
step 855 before step 155 ends. 

In the case when scenario 5 exists, the left eye and the mouth have at least one 
corresponding candidate facial feature. Fig. 6D shows a flow diagram of the sub-steps of 
step 155 in the case when scenario 5 exists. Step 155 then starts in sub-step 902 where 
the processor 205 forms a vector (x2-x\^-y\) t from the left eye to the mouth in the 
previous frame. A vector is also formed in sub-step 904 from a possible candidate facial 
feature in list L\ to a possible candidate facial feature in list L^. 

The processor 205 then calculates in sub-step 908 the Euclidean distance 
between the vectors formed in sub-steps 902 and 904 respectively. The processor 205 
then determines in sub-step 908 whether the Euclidean distance is below a threshold. If 
the Euclidean distance is not below the threshold, then processor 205 determines in sub- 
step 909 whether another vector can be formed in sub-step 904 with a different 
combination of possible candidate facial features in lists L\ and Z3. If another vector can 
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be formed, then control is passed to sub-step 904 from where sub-steps 904 to 908 are 
repeated. 

If another vector can not be formed with a different combination of possible 
candidate facial features in lists L x and L 3 then, in sub-step 911, the possible candidate 
facial feature in lists L\ and Zo with the smallest Euclidean distance d,i or da (calculated 
in step 150) is assigned as corresponding to the corresponding feature by saving its 
information, while the coordinates of the other two features are set to "unknown". Step 
155 then ends. 

If the processor 205 determines in sub-step 908 that the Euclidean distance is 
below the threshold, then processor 205 saves the information of the two possible 
candidate facial features forming the vector as the left eye and mouth respectively. 

The processor 205 then determines in sub-step 912 whether the coordinates 
(X2yi)t of the right eye were known in the previous frame. If the coordinates (x 2 ^t)i of the 
right eye were not known, then the right eye was not detected in the previous frame, but 
may have reappeared in the current frame. Accordingly, sub-step 914 attempts to recover 
the right eye by creating a triangle defined by the coordinates of the left eye (x^,)^,, the 
mouth (x3j/ 3 ) /+ i, and any of the candidate features (x„ yl)\ starting with the candidate 
facial feature with the lowest characteristic similarity measure D u . If the conditions of 
Equation (17) are met, then the candidate facial feature under consideration corresponds 
with the right eye. 

The processor 205 then determines in sub-step 916 whether a facial feature 
corresponding to the right eye was found in sub-step 914. If a facial feature 
corresponding to the right eye was found then, in sub-step 918 the processor 205 saves 
the position (x„ y t )' of the candidate facial feature corresponding to the right eye as 
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coordinates fa, V2V1, together with its area A\ as area A 2 and its eccentricity s?i as 
eccentricity £*. Step 155 also ends. 

If it is determined in sub-step 912 that the coordinates (Jt2,V2)r of the right eye 
were known in the previous frame, or if it is determined in sub-step 916 that a facial 
5 feature corresponding to the right eye was not found, then the right eye disappeared in the 
current frame. Step 155 proceeds to sub-step 920 where the processor 205 sets the 
coordinates (x20?2)r+\ to "unknown". Step 155 also ends after sub-step 920. 

Tn the case when scenario 6 exists, the right eye and the mouth have at least one 
corresponding candidate facial feature. Fig. 6E shows a flow diagram of the sub-steps of 
10 step 155 in the case when scenario 6 exists. Step 155 then starts in sub-step 932 where 
the processor 205 forms a vector (x^-x 2 ^-y2)t from the right eye to the mouth in the 
previous frame. A vector is also formed in sub-step 934 from a possible candidate facial 
feature in list L 2 to a possible candidate facial feature in list Z.3. 

The processor 205 then calculates in sub-step 938 the Euclidean distance 
15 between the vectors formed in sub-steps 932 and 934 respectively. The processor 205 
then determines in sub-step 938 whether the Euclidean distance is below a threshold. If 
the Euclidean distance is not below the threshold, then processor 205 determines in sub- 
step 939 whether another vector can be formed in sub-step 934 with a different 
combination of possible candidate facial features in lists L 2 and L 3 . If another vector can 
20 be formed, then control is passed to sub-step 934 from where sub-steps 934 to 938 are 
repeated. 

If another vector can not be formed with a different combination of possible 
candidate facial features in lists L 2 and i 3 then, in sub-step 941, the possible candidate 
facial feature in lists £ 2 and £j with the smallest Euclidean distance d a or da (calculated 
25 in step 150) is assigned as corresponding to the corresponding feature by saving its 
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information, while the coordinates of the other two features are set to "unknown". Step 
155 then ends. 

If the processor 205 determines in sub-step 938 that the Euclidean distance is 
below the threshold, then processor 205 saves the information of the two possible 
candidate facial feature forming the vector as the right eye and mouth respectively. 

The processor 205 then determines in sub-step 942 whether the coordinates 
(xi ^yi), of the left eye were known in the previous frame. If the coordinates (x\j>i), of the 
left eye were not known, then the left eye was not detected in the previous frame, but may 
have reappeared in the current frame. Accordingly, sub-step 944 attempts to recover the 
left eye by creating a triangle defined by the coordinates of the right eye (x 2 y 2 )t+\, the 
mouth (xjj^Vj, and any of the candidate features (*,-, v,)', starting with the candidate 
facial feature with the lowest characteristic similarity measure Dy. If the conditions of 
Equation (17) are met, then the candidate facial feature under consideration corresponds 
with the left eye. 

The processor 205 then determines in sub-step 946 whether a facial feature 
corresponding to the left eye was found in sub-step 944. If a facial feature corresponding 
to the left eye was found then, in sub-step 948 the processor 205 saves the position (*,, yi)' 
of the candidate facial feature corresponding to the left eye as coordinates (x\, y\)ni, 
together with its area ,4'/ as area^i and its eccentricity d t as eccentricity e\. Step 155 also 
ends. 

If it is determined in sub-step 942 that the coordinates (xiO'i)/ of the left eye were 
known in the previous frame, or if it is determined in sub-step 946 that a facial feature 
corresponding to the left eye was not found, then the left eye disappeared in the current 
frame. Step 155 proceeds to sub-step 950 where the processor 205 sets the coordinates 
(*i J>i Vi to "unknown". Step 155 also ends after sub-step 950. 
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In the case when scenario 7 exists, each of the eyes has at least one 
corresponding candidate facial feature. Fig. 6F shows a flow diagram of the sub-steps of 
step 155 in the case when scenario 7 exists. Step 155 for this scenario starts in sub-step 
962 where the processor 205 forms a vector (x 2 -x\ y yi-y\), from the left eye to the right eye 
5 in the previous frame. A vector is also formed in sub-step 964 from a possible candidate 
facial feature in list L x to a possible candidate facial feature in list £ 2 . 

The processor 205 then calculates in sub-step 966 the Euclidean distance 
between the vectors formed in sub-steps 962 and 964 respectively. The processor 205 
then determines in sub-step 968 whether the Euclidean distance is below a threshold. If 
10 the Euclidean distance is not below the threshold, then processor 205 determines in sub- 
step 969 whether another vector can be formed in sub-step 964 with a different 
combination of possible candidate facial features in lists L\ and Li. If another vector can 
be formed, then control is passed to sub-step 964 from where sub~steps 964 to 968 are 
repeated. 

15 If another vector can not be formed with a different combination of possible 

candidate facial features in lists L x and L 2 then, in sub-step 971, the possible candidate 
facial feature in lists L\ and L2 with the smallest Euclidean distance d n or d a (calculated 
in step 150) is assigned as corresponding to the corresponding feature by saving its 
information, while the coordinates of the other two features are set to "unknown". Step 

20 155 then ends. 

If the processor 205 determines in sub-step 968 that the Euclidean distance is 
below the threshold, then processor 205 saves the information of the two possible 
candidate facial features forming the vector as the left eye and right eye respectively. 

The processor 205 then determines in sub-step 972 whether the coordinates 
25 (^3^3), of the mouth were known in the previous frame. If the coordinates (x 3 ^) t of the 
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mouth were not known, then the mouth was not detected in the previous frame, but may 
have reappeared in the current frame. Accordingly, sub-step 974 attempts to recover the 
mouth by creating a triangle defined by the coordinates of the left eye (^,V., the right 
eye (* 2i y 2 ), +1 , and any of the candidate features ft, yd', starting with the cand.date facial 
feature with the lowest characteristic similarity measure D v . If the conditions of Equation 
(17) are met, then the candidate facial feature under consideration corresponds with the 
mouth. 

The processor 205 then determines in sub-step 976 whether a facial feature 
corresponding to the mouth was found in sub-step 974. If a facial feature corresponding 
to the mouth was found then, in sub-step 978 the processor 205 saves the position (*,, yd' 
of the candidate facial feature corresponding to the mouth as coordinates (x 3 , v 3 ), +1 , 
together with its area A\ as area A, and its eccentricity d t as eccentricity «. Step 155 also 
ends. 

If it is determined in sub-step 972 that the coordinates (* 3 ,y 3 ), of the mouth were 
known in the previous frame, or if it is determined in sub-step 976 that a facial feature 
corresponding to the mouth was not found, then the mouth disappeared in the current 
frame. Step 155 proceeds to sub-Step 980 where the processor 205 sets the coordinates 
(jcj^jV, to "unknown". Step 155 also ends after sub-step 920. 

Finally, in the case when scenario 8 exists, each of the eyes and the mouth has at 
least one corresponding candidate facial feature. Fig. 6G shows a flow diagram of the 
sub-steps of step 155 in the case when scenario 8 exists. In this case step 155 starts in 
sub-step 1002 where the processor 205 forms a vector MW>> from the left eye l ° 
right eye in the previous frame. A vector is also formed in sub-step 1004 from a possible 
candidate facial feature in list U to a possible candidate facial feature in list L 2 . 
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The processor 205 then calculates in sub-step 1008 the Euclidean distance 
between the vectors formed in sub-steps 1002 and 1004 respectively. The processor 205 
ihen determines in sub-step 1008 whether the Euclidean distance is below a threshold. If 
the Euclidean distance is not below the threshold, then processor 205 determines in sub- 
step 1009 whether another vector can be formed in sub-step 1004 with a different 
combination of possible candidate facial features in lists L, and L^. If another vector can 
be formed, then control is passed to sub-step 1004 from where sub-steps 1004 to 1008 are 
repeated. 

If the processor 205 determines in sub-step 1008 that the Euclidean distance is 
below the threshold, then processor 205 saves in sub-step 1010 the information of the two 
possible candidate facial feature forming the vector as the left eye and right eye 
respectively. With the coordinates of the eyes now known, the processor 205 forms in 

sub-step 1012 a vector ^jc 3 ~^{ x i ~ x t\y-i -y t )j ^ m the centre of the eye-eye 

line to the mouth in the previous frame. A vector is also formed in sub-step 1014 from 

the centre of the current eye-eye line, which is at ^~ (x 2 - x l ), - j (y 2 - y x )j , to a possible 

candidate facial feature in list L 3 . 

The processor 205 then calculates in sub-step 1016 the Euclidean distance 
between the vectors formed in sub-steps 1012 and 1014 respectively. The processor 205 
then determines in sub-step 1018 whether the Euclidean distance is below a threshold. If 
the Euclidean distance is not below the threshold, then processor 205 determines in sub- 
step 1019 whether another vector can be formed in sub-step 1014 with a different possible 
candidate facial feature from lists Z 3 . If another vector can be formed, then control is 
passed to sub-step 1014 from where sub-steps 1014 to 1018 are repeated. 
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If another vector can not be formed with a different combination of possible 
candidate facial feature from lists Zj then, in sub-step 1021, the processor 205 sets the 
coordinates taj^+i to "unknown". Step 155 also ends after sub-step 1021. 

If the processor 205 determines in sub-step 1018 that the Euclidean distance is 
5 below the threshold, then processor 205 saves in sub-step 1020 the position (x„ yi)' of the 
candidate facial feature corresponding to the mouth as coordinates (jc 3 , >> 3 ), + i, together 
with its area A',- as area A 3 and its eccentricity as eccentricity sj. Step 1 55 also ends. 

If another vector can not be formed with a different combination of possible 
candidate facial features in lists L\ and Li then, in sub-step 1042, the processor 205 forms 
10 a vector {xyx\yi-y\) t from the left eye to the mouth in the previous frame. A vector is 
also formed in sub-step 1044 from a possible candidate facial feature in list L\ to a 
possible candidate facial feature in list Lj. 

The processor 205 then calculates in sub-step 1046 the Euclidean distance 
between the vectors formed in sub-steps 1042 and 1044 respectively. The processor 205 
15 then determines in sub-step 1048 whether the Euclidean distance is below a threshold. 

If the Euclidean distance is below the threshold, then processor 205 saves the the 
information of the two possible candidate facial feature forming the vector as the left eye 
and mouth respectively in sub-step 1050 before step 155 ends 

If the Euclidean distance is not below the threshold, then processor 205 
20 determines in sub-step 1049 whether another vector can be formed in sub-step 1044 with 
a different combination of possible candidate facial features in lists L\ and Lj. If another 
vector can be formed, then control is passed to sub-step 1044 from where sub-steps 1044 
to 1048 are repeated. 

If another vector can not be formed with a different combination of possible 
25 candidate facial features in lists L\ and Li then, in sub-step 1052, the processor 205 forms 
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a vector fa-x^i-yd, from the right eye to the mouth in the previous frame. A vector is 
also formed in sub-step 1054 from a possible candidate facial feature in list L 2 to a 
possible candidate facial feature in list Z 3 . 

The processor 205 then calculates in sub-step 1056 the Euclidean distance 
5 between the vectors formed in sub-steps 1052 and 1054 respectively. The processor 205 
then determines in sub-step 1058 whether the Euclidean distance is below a threshold. If 
the Euclidean distance is not below the threshold, then processor 205 determines in sub- 
step 1059 whether another vector can be formed in sub-step 1054 with a different 
combination of possible candidate facial features in lists Li and L$. If another vector can 

10 be formed, then control is passed to sub-step 1054 from where sub-steps 1054 to 1058 are 
repeated. 

If another vector can not be formed with a different combination of possible 
candidate facial features in lists L 2 and X 3 then, in sub-step 1062, the possible candidate 
facial feature in lists L\, L 2 and L 3 with the smallest Euclidean distance d n , d n or d i3 
15 (calculated in step 150) is assigned as corresponding to the corresponding feature by 
saving its information, while the coordinates of the other two features are set to 
"unknown". Step 1 55 then ends. 

If the processor 205 determines in sub-step 1058 that the Euclidean distance is 
below the threshold, then processor 205 saves the information of the two possible 
20 candidate facial features forming the vector as the right eye and mouth respectively. 

In summary, irrespective of which scenario exists, step 155 assigns one of the 
possible candidate facial features to each facial feature for tracking if possible, and 
attempts to recover facial features where appropriate using known geometric relations 
between facial features 
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Referring again to Fig. 1, after performing step 155 the processor 205 determines 
in step 160 wheiher there are any more frames available. If no more frames are available 
for processing, then method 1 00 ends in step 1 80. 

If more frames are available for processing, then method 100 continues to step 
170 where a new frame is received by the processor 205. The new frame is added to the 
block of pixel data, while the oldest frame in the block is removed from the block. The 
segmentation step 120 is again performed on the updated block of pixel data. 

After the segmentation step 120 described with reference to Fig. 3 has been 
performed a first time, in subsequent execution of the segmentation step 120 the 3D 
segments S, formed in a previous segmentation are maintained in sub-step 304. The 
pixels of the new frame are added to the data structure representing the current segment 5, 
as new individual segments, each with model parameter a(x,y,n) set to the colour value 
flx,y,n), and observing the correct adjacency relations with existing segments Si. The 
effect of the segmentation step 1 20 is thus to merge the unsegmented pixels of the new 
frame into the existing 3D segments £, from a previous segmentation. However, the 
model parameter a(x,y.n) of those existing segments S; from a previous segmentation 
may adjust due to the information contained in the new frame. 

The sequence of coordinates (xjjfit provides the positions of the features in each 
frame t. It is noted that the coordinates (xjj>/), are transformed back to the coordinate 
system of the frames before outputting the same. 

The foregoing describes only some embodiments of the present invention, and 
modifications and/or changes can be made thereto without departing from the scope and 
spirit of the invention, the embodiments being illustrative and not restrictive. The 
embodiment described tracks the facial features of a single face, but it would be 
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understood by those skilled in the art that the facial features of any number of faces may 
be tracked in the same manner. 
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